Radiopharmaceuticals
Bone scanning in children became a practical investigation after the introduction of technetium labelled polyphosphonate compounds in 1971. 4 The compound now in universal use as a pharmaceutical for routine bone scanning is methylene diphosphonate labelled with technetium:99mTc MDP. This compound has a rapid clearance from blood, 40% of the administered activity being in the urine by one hour,4 and a high affinity for bone with fast uptake. Thus, injected radioactivity is relatively low. The combination of rapid blood and soft tissue clearance with a high affinity for bone uptake means that scans can be performed within an acceptable time from injection, two hours being the favoured scanning time. Photon activity at this point is mainly from bone with little soft tissue contribution. Thus bone detail is high and images easy to interpret.
Technetium is a satisfactory radionuclide, having the advantages of being freely available, stable, relatively cheap, a photon energy of 140 kev that is readily detectable by the crystals in the gamma camera, and a half life of six hours that is long enough to enable easy and flexible planning of a day's imaging but short enough so that radiation is not unduly prolonged once imaging has been achieved.
The precise mechanism of MDP uptake by bone is not known but it is a function of osteoblastic activity. A positive scan, usually manifest as an area of increased activity or 'hot' spot, is dependent on increased osteoblastic activity at the pathological site and an intact blood supply to ensure that the radionuclide reaches the lesion. Areas of decreased photon activity will appear as 'cold' spots on images and may be due to reduction in blood supply to the lesion, as occurs with avascular necrosis, or extensive destruction occasionally seen in metastatic disease and osteomyelitis. In the latter, a subperiosteal abscess will also produce a cold spot. [5] [6] [7] A positive 99"Tc MDP bone scan indicates pathology in the region of the increased activity but does not indicate the aetiology of the lesion, although this can usually be inferred from the clinical presentation.
Scanning with labelled white cells is now possible, a positive scan being specific for infection.8 White cells may be labelled by two methods, either with l1indium'10 or with 99mTc hexamethylpropyleneamine-oxine (HMPAO)." 12 As HMPAO is technetium labelled, it is more freely available than indium and is generally favoured in acute infection. Labelling may be achieved with as little as 5 ml of blood (I Gordon, personal communication) but is more satisfactory with a minimum of 20 ml. The child's blood is withdrawn into an acid citrate dextrose syringe, through a needle of 23G or larger to prevent damaging the cells. The blood is then centrifuged in the radiopharmacy to elute the white cells, which after labelling, are reinjected into the child.
The choice of 1 ' lindium or 99mTc HMPAO for imaging infection depends primarily on two factors, the chronicity and site of the suspected lesion. As white cell turnover is generally slower in chronic foci the ability to image over a longer time period, more than 24 hours, is an advantage.3 14 The physical half life of"'indium, which is 2 8 Advisory Committee maximum recommended administered doses is 5-0 mSv based on an injected dose of 600 MBq, but the injected dose in children is based on an adult dose of 400 MBq and therefore the effective dose equivalent is proportionately lower, as compared with 1 2 mSv from a pelvic radiograph,32 but this dose must be kept in perspective in relation to the information gained. A positive scan lacks diagnostic specificity if looked at in isolation but when reviewed in the context of the clinical history and radiographic changes, a specific diagnosis is usually possible. Bone scans must never be interpreted in isolation.
The biodistribution of MDP in children is different to adults with higher activity in the growth plates33 but the dose rate remains within acceptable limits. The radiation dose is also affected by the body's ability to excrete the radiopharmaceutical, for MDP this is the kidneys. The dose rises in renal failure. Gonadal dose may be reduced by a regimen of high fluid intake, bladder emptying, or frequent nappy changing in the appropriate age groups.
Indications
The main indications for bone scintigraphy in children are summarised in In osteomyelitis, all three phases of the bone scan are positive. In cellulitis, the first two phases are positive but no focus ofbone infection is seen on the late images. Scintigraphic findings in septic arthritis will usually show increased activity on all three phases, but unless there is concomitant osteomyelitis, no focus of activity is visible in the bone on the static images. In all children, the hyperaemia of infection will cause increased uptake in the growth plates distal to a lesion. This must not be confused with further infective foci. The normal growth plate has a linear appearance on scintigraphy with a sharply demarcated transition to the shaft uptake. In metaphyseal infection there is a loss of this sharp transition with a flare of increased activity into the shaft. Foci of infection in the diaphysis usually appear as hot spots, though where there is tamponade ofthe vascular supply to a region of bone, usually from a high pressure subperiosteal abscess or tamponade of the blood supply to the joint, most frequently seen in the hip joint, a positive scan may be indicated by photopenia.535 37Photopenia of a portion of the bone or of the hip joint carries a poor prognosis with almost inevitable development of avascular necrosis of the femoral head.3538 Bone scanning is particularly helpful in the diagnosis of sacroiliac infections which often present clinically as hip or leg pain with poorly localised signs.39 The radiographs are usually normal, the focus being identified by scintigraphy. Osteomyelitis of flat bones is also difficult to diagnose clinically but can be identified early with scintigraphy. 40 Similarly, bone scans in juvenile discitis and axial skeletal osteomyelitis will be positive before radiographic changes are visible.4'
The reliability of 99"Tc MDP scanning in osteomyelitis has been the subject of many reports with false positive and false negative scans occurring in these reports.3742" The accuracy rate is generally reported as 75% or better36 4215 but in one report it is reported as low as 33% in neonates* with a range of 33 Children who present with radiographically negative bone trauma fall commonly into two age groups -the toddler and the adolescent. The toddler usually presents with pseudoparesis of arm or leg. When radiographs are negative the decision to undertake scintigraphy usually depends on associated constitutional symptoms and concern about early osteomyelitis or parental anxiety. Most of these children will recover if a wait and see policy is adopted as the lesions are seldom serious but they may well have unnecessary hospitalisation or antibiotics. An early bone scan will nearly always resolve the clinical dilemma and avoid these problems. Good communication between paediatrician, orthopaedic surgeon, and radiologist will encourage appropriate selection of patients and avoid overuse of scintigraphy.
In the older child, most radiographically negative trauma relates to the wrist or spine. Early scintigraphy will select those patients with fractures, distinguish a fracture from a bad joint sprain and in patients with a spondylolysis even if radiographically evident will show those in whom active repair efforts are present, as these are usually hot on scanning. Scintigraphically negative spondylolysis that is painful may require surgical intervention.
ATHLETIC INJURY
The growing interest in sports with intensive training schedules for children has led to an increase in overuse related injury as well as acute trauma. The main overuse injuries are stress fractures, chronic avulsion injuries at the site of muscle insertion, shin splints, and compartment syndromes with occasional patients presenting with reflex sympathetic dystrophy after minor injury. 61 Scintigraphy is a highly sensitive method of distinguishing Perthes' disease from other conditions. In the acute phase of Perthes' disease, the femoral head is photopenic in its lateral two thirds. Reactive increased uptake is often present in the metaphysis, mirroring the metaphyseal changes seen on radiographs. The scintigram mirrors the physiological state of vascular supply to the femoral head and is a much more sensitive indicator of the repair process than radiographs and will anticipate radiographic changes by some months. Until magnetic resonance imaging becomes freely available and cheaper, scintigraphy will remain an important and cheap method of resolving the cause of hip pain.
CHILD ABUSE
The skeletal survey is the most convenient, best understood imaging method in children suspected ofchild abuse. When lesions are found on the skeletal survey, no other skeletal imaging is usually employed. A bone scan is in general a more sensitive method of detecting fractures, with the exception of the skull vault and intracapsular metaphyseal fractures, than radiographs7' but is seldom undertaken, usually because of logistical reasons and a reluctance to increase radiation to the child who already has positive radiographs. The main indications for scintigraphy in a child suspected as the victim of abuse are a radiographically negative survey with strong suspicion ofabuse, to resolve the nature of a doubtful lesion on radiographs, and the detection ofadditional rib fractures, particularly at the necks of the ribs in children in whom one midshaft fracture has been detected. Detection of further fractures will resolve any doubt that may exist about the significance of the one fracture.
High resolution, straight images, with limbs imaged separately and images of adequate size presented for reporting must be done if scanning is to be undertaken.
Occasionally, unsuspected extraskeletal injuries may be detected during scintigraphy in these children - Bone scanning in paediatric practice contributes a great deal to identifying the cause and location of pathology in children but must be technically of a very high quality and interpreted by doctors familar with paediatric disease, together with the clinical information and other imaging procedures, if the maximum benefit is to be gained.
